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1 Executive Summary

This Water Resource Inventory and Assessment (WRIA) Summary Report for Cape Romain National
Wildlife Refuge (Cape Romain NWR or the refuge) summarizes available information relevant to refuge
water resources, provides an assessment of refuge water resource needs and issues of concern, and
makes recommendations regarding potential actions that might be considered to address the identified
water resources needs and concerns. Major topics addressed in this report include the natural setting
of the refuge (topography, climate, geology, soils, hydrology), impacts of development and climate
change, significant water resources and associated infrastructure within the refuge, past and current
water monitoring activities on and near the refuge, water quality information, and state water use
regulatory framework. Information was compiled from publicly available reports, databases, and
geospatial datasets from federal, state, and local agencies; published research reports; websites
maintained by government agencies, academic institutions, and non-governmental organizations; and
from files and Geographical Information Systems (GIS) data layers maintained by the refuge. The
following three subsections summarize key findings of the WRIA, major water resource issues of concern
identified, and recommendations to address priority water resource threats and needs.

1.1 Findings

e Cape Romain NWR in Charleston County, South Carolina protects approximately 66,287 acres,
including a 29,000-acre Class 1 Wilderness Area. Coastal habitat within the refuge includes barrier
islands, tidal salt marshes, managed wetland impoundments, white sand beaches, and drier upland
areas dominated by a maritime forest of loblolly pine (Pinus taeda) and associated hardwood
species. Aside from one small parcel, the refuge is separated from the mainland by the Atlantic
Intracoastal Waterway (AIW), a 90-foot wide shipping canal dredged to a depth of 12 feet (ft).

e The landscape in which Cape Romain NWR is situated has been shaped by numerous climate-driven
sea level changes associated with glacial-interglacial cycles over the past 3-4 million years. Locally,
sea level has been rising for the last 18,000 years at a gradually declining rate, but the rate of sea-
level rise has accelerated in the past 100 years.

e Major factors shaping this dynamic coastal system include sea-level rise, hurricanes and tropical
storms, extra-tropical cyclones, strong winds, and tidal movement of water, which continually
redistribute sediments and reshape barrier islands, tidal marsh, and other coastal landforms.

e There is evidence that the frequency and intensity of Atlantic tropical cyclones has increased
significantly since about 1970, and that this trend will likely continue as the climate warms.

e Significant man-made hydrologic alterations to the landscape surrounding the refuge include
construction of the AIW (begun in the early 1900s and completed by 1940) and damming and
diversion of the Santee River in 1941. The latter greatly reduced sediment delivery to the Santee
delta, and both projects affect salinity in tidal estuaries, particularly in the northern part of the
refuge.

e Refuge staff classified habitat types within the refuge acquisition boundary using the Cowardin
Classification System methods. The results revealed that approximately 48.39% of the refuge is
estuarine and marine wetlands, 44.70% is estuarine and marine deepwater aquatic sites, 4.94% is
upland or unclassified habitats, 1.73% is freshwater forested/shrub-wetlands, and 0.24% is
freshwater emergent wetlands. These values differ slightly from those derived from National
Wetlands Inventory (NWI) data, with the most significant differences occurring on Bulls Island,
where NWI does not accurately represent managed wetland impoundments, and the other barrier



islands, where NWI data do not reflect recent changes in the shape and extent of these dynamic
features.

e Cape Romain NWR contains approximately 470 miles of tidal streams and creeks within or adjacent
to the acquisition boundary; there are no non-tidal freshwater streams. The refuge also contains 10
impoundments totaling 756.1 acres on Bulls Island that are managed to provide resting and foraging
habitat for waterfowl, seabirds, and shorebirds.

e As of 2010, 17 creeks or creek segments located within or adjacent to the refuge acquisition
boundary were listed as impaired for aquatic life or recreation by the South Carolina Department of
Health and Environmental Control. Causes of impairment include turbidity, total ammonia, and
copper levels that are out of compliance, resulting in impaired ability of the waterbody to support
aquatic life, as well as fecal coliform bacteria levels that exceed the safe limit for primary contact
recreation or shellfish harvest.

e Tidal creeks, estuarine waters, and other navigable waters within the refuge boundary are owned by
the State of South Carolina but are managed as part of the refuge by the U.S. Fish and Wildlife
Service (USFWS) under a 99-year lease agreement. The lease agreement grants management
authority over the water and water bottoms within the refuge boundary to the USFWS, with the
exception of fin fish, shellfish, and other saltwater species take, which is regulated by the State.

e Cape Romain NWR is located within the state-designated Trident Capacity Use Area, within which
any person or entity withdrawing over 3 million gallons in any month is required to obtain a permit
from and report annual water use to SCDHEC. However, South Carolina law specifically exempts
from regulation any groundwater or surface water withdrawals for the purpose of wildlife habitat
management.

1.2 Key Water Resources Issues of Concern

Although not strictly a water resource issue, the overriding threat to the refuge’s ability to fulfill its
mission into the future—indeed, to continue to exist at all—is the issue of accelerated sea-level rise
(SLR) and associated climate change impacts caused by anthropogenic greenhouse gas emissions. Long-
term sea level trends suggest the local sea level is rising about 3.10 millimeters per year (mm/yr), based
on mean monthly sea level data from Charleston Harbor for 1921 to 2012, or roughly double the global
average rate of 1-2 mm/yr over the 20™ century (Church et al. 2001). (Local SLR rates at any given
location can be higher or lower than the global SLR rate due to local effects such as glacial isostatic
adjustment, tectonic uplift, or subsidence.) While there is considerable uncertainty about future rates
of sea-level rise, recent modeling studies updated to incorporate ice sheet melting suggest that eustatic
(global) sea level could rise by up to 2 m by the end of this century, equivalent to an average rate of
about 22 mm/yr (Burkett and Davidson 2012). For low-lying coastal regions like the South Carolina
coast, erosion, inundation and shoreline retreat are expected to be the dominant response to sea-level
rise and storms over this century and beyond. For some barrier islands and wetlands, higher sea-level
rise scenarios will cause significant and irreversible changes including rapid landward migration and
segmentation of some barrier islands as well as disintegration and drowning of tidal wetlands (Williams
and Gutierrez 2009).

Specific issues of urgent concern at Cape Romain NWR include the following:

1. There is an imminent threat of breaching of the perimeter dike on the seaward side of the Jacks
Creek impoundment on Bulls Island due to ongoing rapid shoreline erosion. Breaching of the dike
would convert Jacks Creek from an actively managed brackish water wetland to passively managed
intertidal habitat. This would result in the immediate loss of nearly two-thirds of the refuge’s
managed wetland acres and would threaten the remaining impoundments (and the freshwater



supply upon which all the island’s wildlife depend) by exposing the lower internal dikes to potential
overwash by seawater during even moderate storms.

Rapid erosion of barrier islands due to sea-level rise and possible intensification of storm magnitude
and/or frequency is reducing and threatens to eliminate nesting, foraging, and resting habitat for
Federal Trust species including threatened loggerhead sea turtles (Caretta caretta), threatened
piping plover (Charadrius melodus), red knot (Calidris canutus) (currently proposed for listing with
proposed critical habitat on the refuge), other species of shorebirds whose populations are in
significant decline, seabirds, and habitat for endangered seabeach amaranth (Amaranthus pumilus),
particularly on Cape and Lighthouse Islands. Erosion of the barrier islands has likely been
exacerbated by disruption of natural sediment transport processes by coastal and riverine
engineering projects including dams on the Santee and Cooper rivers, the AIW, jetties at the
entrance to Winyah Bay, and dredging to maintain navigations channels in the Santee River estuary
and Winyah Bay.

The salt marsh in the 29,000-acre Class | Wilderness Area is currently undergoing fragmentation,
inundation, and salinity changes associated with relative sea-level rise. The marsh is vital nursery
habitat for juvenile fish, crabs, and shrimp that take refuge among the vegetation for protection
from predators. These species are the foundation of the food chain upon which coastal species are
dependent.

The supply of freshwater for habitat management in the Bulls Island impoundments is unreliable
and often insufficient during dry years due to reliance on rainfall. Groundwater wells drilled on Bulls
Island have provided only limited quantities of generally poor-quality water.

The ability to manage impoundments on Bulls Island to achieve desired habitat conditions is also
currently limited due to reliance on gravity flow to move water among impoundments,
infrastructure limitations involving water conveyance channels, and the absence of staff to manage
the system.

Somewhat longer-term issues of concern include the following:

1.

Armoring and continuing development of adjacent and nearby properties limit the capacity for
habitat shifts to occur in response to sea-level rise and threaten to constrain future management
options. Development of mainland coastal properties between the refuge and Francis Marion
National Forest could prevent acquisition and preservation of migration corridors for coastal-
dependent species and their habitats.

Urban development, deforestation, and failing septic systems have and will continue to have an
adverse effect on water quality at the refuge. Impacts include elevated turbidity and nutrients,
human pathogens, organic contaminants, and altered salinity.

1.3 Needs and Recommendations

1.

To mitigate for the anticipated breaching of the seaward dike enclosing the Jacks Creek
impoundment as a result of continued erosion, construction of a cross-dike through Jacks Creek
impoundment has been proposed at an estimated cost of $3 million (USFWS 2010b, Appendix F).
The cross-dike would preserve approximately half of the existing impoundment and protect interior
dikes and impoundments (and recently replaced water control structures) from direct exposure to
tidal fluctuations and wave action. It is anticipated that this action would allow the refuge to
continue to manage the remaining impoundments for migratory bird habitat for at least 20 years. If
a decision is made to proceed with the cross-dike, it is critically important that it be completed
before the existing seaward portion of Jacks Creek dike is breached, which is expected to occur
sometime within the next few years given current shoreline erosion rates.



To provide a reliable freshwater supply for habitat management in the impoundments on Bulls
Island, a deep (approximately 1,800 ft) groundwater supply well could be drilled to draw water from
the Charleston aquifer. Such a well would almost certainly be capable of providing an adequate
supply of water of adequate quality to meet refuge management needs on Bulls Island.

An updated water management plan should be prepared by a qualified contractor or partner
organization with the necessary hydrologic and engineering expertise. The plan should include a
field-based assessment of water management capabilities, including a survey of elevations and
grades of water control structures (WCS) and conveyance channels, and should make specific
recommendations for improvements or maintenance (e.g., clearing or re-grading of ditches,
acquisition of portable high-volume low-head pumps, etc.) needed to provide sufficient water
management capabilities to maintain desired habitat conditions in the managed wetland
impoundments on Bulls Island. The plan should consider potential impacts of sea-level rise on the
water management system as a whole to ensure that recommended improvements do not increase
the vulnerability of any of the impoundments to continued sea-level rise.

A water monitoring plan for the refuge should be developed and implemented, either as part of the
Inventory and Monitoring Plan for the refuge, or as a stand-alone document. Water monitoring
efforts are tied to baseline information needs in the adaptive management framework, targeting
ecological integrity while meeting refuge level, regional, and national Water Resources Inventory
and Monitoring Goals and Objectives (USFWS 2010a, USFWS 2013). Specific tasks should include
the following elements:

e Monitor water levels and basic water quality parameters (temperature, pH, salinity, and
dissolved oxygen [DO]) in the Bulls Island impoundments. Depending upon available
resources, it would also be helpful to install some shallow wells in the vicinity of the
impoundments to monitor seasonal fluctuations and long-term changes (e.g., in response to
sea-level rise) in groundwater levels and groundwater quality (particularly salinity) and to
assess potential impacts on water levels and water quality in the impoundments.

e Water quality monitoring (temperature, pH, salinity, turbidity, DO, and nutrients) in tidal
channels at selected locations—ideally at several fixed locations and several randomly
selected temporary (rotating) locations.

e |deally, supplement water quality monitoring at fixed points with seasonal synoptic surveys
to better characterize spatial water quality patterns (and seasonal variation in those
patterns).

e Continuous tidal water level monitoring at one or more fixed locations (e.g., Garris Landing).

Implementation of the plans described in Recommendations 3 and 4 above (i.e., managing water
levels and habitat conditions in the Bulls Island impoundments and conducting water monitoring)
would require additional staff resources. It is estimated that these tasks would require
approximately 0.25-0.5 full-time equivalents (FTE) by a hydrologic technician or similarly qualified
staff person to fully implement.

Obtaining high-quality LiDAR data covering the entire refuge and adjacent inland areas is a high-
priority data need for refuge planning purposes. If existing data prove to be inadequate (including
full coverage for northern Charleston County acquired by the South Carolina LiDAR Consortium in
2009 but not yet released due to data processing issues), the refuge should explore opportunities to
partner with other stakeholders (e.g., local and state government agencies, non-governmental
organizations [NGOs], Frances Marion National Forest, etc.) to obtain suitable LiDAR data.



7. Develop and implement a plan to monitor sea-level rise impacts on coastal erosion on barrier islands
and on fragmentation and conversion of tidal marsh. Elements of the plan could include the
following:

e Once LiDAR data have been obtained, run a new SLAMM analysis using LiDAR-derived
elevation data and customized land cover data (e.g., modified NWI land cover with ground-
truthed cover classes). The analysis area should extend several miles inland from the
existing refuge boundary and ideally should include the Santee River delta.

e Continue monitoring barrier island and shoreline erosion with updated aerial imagery and
ground-based measurements. Expand geospatial analysis beyond the four primary barrier
islands to all land and marsh on the refuge. Develop a baseline analysis and monitor
regularly as new imagery becomes available to track accretion, erosion, and tidal creek
expansion.

e Explore funding and/or partnership opportunities to install additional sediment elevation
table (SET) stations to monitor marsh accretion, subsidence, and surface elevation changes
closer to the mainland in high marsh.

8. In partnership with the U.S. Forest Service, state agencies, and NGOs, develop a long-term,
landscape-scale strategy for responding to sea-level rise. Connecting protected areas that extend
from refuge estuaries to the Francis Marion National Forest will create corridors that will allow for
species and habitat migration in the future. Because continued rapid development on the mainland
adjacent to the refuge could severely limit future management options involving new land
acquisition or easements within the next decade, it is essential to develop and begin implementing
such an adaptation strategy soon as possible.

9. Build upon existing partnerships and explore new partnership opportunities with other federal and
state agencies, NGOs, and academic institutions to carry out relevant research for habitat and
species management and baseline data needs in light of continued urban development, sea-level
rise, and climate change impacts. Examples of identified research needs include the following:

e Examine the effects of groundwater inundation and saltwater intrusion due to sea-level rise
on sea turtle nests in the refuge.

e Replicate the Bulls Island vegetation study by Mixon (2002) to show changes in habitat
composition from saltwater intrusion.



2 Introduction

This WRIA Summary Report for Cape Romain NWR summarizes available information relevant to refuge
water resources, provides an assessment of refuge water resource needs and issues of concern, and
makes recommendations regarding potential actions that might be considered to address the identified
water resources needs and concerns. The information compiled in preparing this report will ultimately
be housed in an online WRIA database currently under development by the Natural Resources Program
Center (NRPC), which is expected to be operational by mid-2014. Together, the WRIA Summary Report
and the accompanying information in the online WRIA database are intended to be a reference to guide
ongoing water resource management and strategy development. This WRIA Summary Report was
developed in conjunction with the South Carolina Lowcountry Refuges Complex Project Leader, the
refuge manager, refuge biologists, Inventory & Monitoring (1&M) zone biologists, and refuge staff. The
document incorporates hydrologic information compiled between February 2012 and July 2013.

Together, the national interactive online WRIA database and the summary reports are designed to
provide a reconnaissance-level inventory and assessment of water resources on and adjacent to
National Wildlife Refuges and National Fish Hatcheries nationwide. Achieving a greater understanding
of existing refuge water resources will help identify potential concerns or threats to those resources and
will provide a basis for wildlife habitat management and operational recommendations to refuge
managers, wildlife biologists, field staff, Regional Office personnel, and Department of Interior
managers. A national team composed of USFWS Water Resource staff, Environmental Contaminants
Biologists, and other USFWS employees developed the standardized content of the national interactive
online WRIA database and summary reports.

The long term goal of the National Wildlife Refuge System (NWRS) WRIA effort is to provide up-to-date,
accurate data on NWRS water quantity and quality in order to acquire, manage, and protect adequate
supplies of clean and freshwater. An accurate water resources inventory is essential to prioritize issues
and tasks, and to take prescriptive actions that are consistent with the established purposes of the
refuge. Reconnaissance-level water resource assessments evaluate water rights, water quantity, known
water quality issues, water management, potential water acquisitions, threats to water supplies, and
other water resource issues for each field station.

WRIAs are recognized as an important part of the NWRS I1&M initiative and are outlined in the I&M
Operational Blueprint as Task 2a (USFWS 2010a). Hydrologic and water resource information compiled
during the WRIA process can facilitate the development of other key documents for each refuge
including Hydrogeomorphic Assessments (HGMs), Comprehensive Conservation Plans (CCPs), and
Habitat Management Plans (HMPs).

A CCP for the refuge was completed in October 2010 and a HMP is scheduled to be completed by the
end of 2013. Completion of a WRIA for Cape Romain NWR was prioritized largely to facilitate ongoing
planning efforts, including the HMP and a HGM that was initiated concurrently with this WRIA. Key
water resource issues of concern identified by the CCP include shoreline erosion due to the effects of
sea-level rise and reduced sediment supply from the Santee River following construction of dams and
canals in the 1940s, the desire to restore and maintain water management capabilities on Bulls Island,
and water quality concerns including episodically high fecal coliform bacteria levels and inadequate
water quality information.



3 Facility Information

Cape Romain NWR is located within the South Atlantic Landscape Conservation Cooperative (South
Atlantic LCC), where it occupies 22 miles of Atlantic coastline in Charleston County, South Carolina,
approximately 21 miles south of Georgetown and 22 miles north of Charleston (Figure 1, Figure 2). The
refuge encompasses 66,287 acres, including a 29,000-acre Class 1 Wilderness Area, and has fee title to
almost all land within the acquisition boundary (USFWS 2010b, Figure 3). The tidal creeks, estuarine
waters, and other navigable waters within the refuge boundary are owned by the State of South
Carolina but are managed as a part of the refuge under a 99-year lease agreement (Appendix A).

Cape Romain NWR was established by presidential proclamation in 1932 for the conservation of
migratory birds under the authority of the Migratory Bird Conservation Act and enlarged by executive
order in 1936. Subsequent to initial establishment, the objectives were expanded to include managing
endangered species, protecting wilderness character for the Class 1 Wilderness Area, and conserving the
Bulls Island and Cape Island forests and associated plant communities (USFWS 2010b).

A minor expansion of the refuge acquisition boundary completed in 2010 added two mainland tracts
located between Garris Landing (previously the refuge’s only mainland property, located on the AIW)
and the refuge headquarters on Highway 17. These two tracts, the White and King tracts, encompass
1,658 acres and are the first tracts identified by the refuge to further its joint land protection strategy
with the Francis Marion National Forest to connect the refuge and National Forest boundaries for
management enhancement and to facilitate habitat migration as a climate change adaptation strategy.

The refuge is a mosaic of barrier islands, salt marsh, sinuous tidal creeks and coastal waterways, sandy
beaches, fresh and brackish water impoundments and maritime forests. Areas on the refuge have been
designated critical habitat for the piping plover (Charadrius melodus) (threatened), proposed critical
habitat for Loggerhead sea turtles (Caretta caretta) (threatened),as well as habitat for several other
threatened and endangered species, including green sea turtles (Chelonia mydas) (threatened),
leatherback sea turtles (Dermochelys coriacea) (endangered), West Indian manatee (Trichechus
manatus) (endangered), wood stork (Mycteria americana) (endangered), red wolf (Canus lupus rufus)
(endangered) and seabeach amaranth (Amaranthus pumilus) (endangered) (USFWS 2010b). In addition,
red knot (Calidris canutus), a shorebird that migrates up to 18,000 miles round-trip annually, is currently
proposed for listing as threatened, with proposed critical habitat on the refuge.

The refuge’s visitor services program provides opportunities for each of the six priority public uses of
national wildlife refuges identified in the National Wildlife Refuge System Improvement Act of 1997
(hunting, fishing, wildlife observation, wildlife photography, environmental education and
interpretation), as well as other compatible public uses. There are two hiking trails (3 miles total) on
Bulls Island, as well as 16 miles of roads open for hiking and bicycling (USFWS 2010b).

Ten freshwater/brackish impoundments with 14 associated water control structures on Bulls Island are
managed to provide resting and foraging habitat for waterfowl, seabirds, and shorebirds. However,
water management capabilities in the impoundments are currently limited due to limited freshwater
resources, infrastructure limitations, and staff shortages. A %-mile-long dike with a sluice formerly
impounded approximately 300 acres of freshwater marshland on Cape Island (USDA-BBS 1938) prior to
being breached by Hurricane Hugo in 1989. Water impoundments and control structures are discussed
in more detail in sections 5.1.4 and 5.2.2, respectively.



Figure 1 Cape Romain NWR
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Figure 1. Regional overview map showing Cape Romain NWR location in relation to the Landscape Conservation Cooperative
boundaries, physiographic provinces, adjacent river basins, and Francis Marion National Forest.




Figure 2 Cape Romain NWR
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Figure 2. Cape Romain NWR and vicinity showing hydrography and 8-digit Hydrologic Unit (HU) subbasins.




Figure 3 Cape Romain NWR
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4 Natural Setting

4.1 Topography and Physiographic Setting

Cape Romain NWR is situated on the southeastern (outer) margin of the Atlantic Coastal Plain (ACP)
along the central South Carolina coast between the Santee River estuary to the north and Charleston
Harbor to the south (Figure 1 and Figure 2). The outer ACP ranges in elevation from 0 to 50 feet (0 to 15
m) above the National Geodetic Vertical Datum of 1929 (NGVD 29) and is characterized by gently rolling
to flat topography that generally slopes southeastward toward the Atlantic Ocean (Campbell and Coes
2010). Elevations on the refuge range from 0 to 21 feet (0 to 6 m) NGVD 29. The refuge, which is
separated from the mainland by the AIW, is primarily composed of barrier islands and salt marshes. The
barrier islands are low in elevation with dunes and beaches on the ocean side and a mix of forest and
wetlands (depending on elevation) on the interior side (USFWS 2010b).

4.2 Climate

4.2.1 Temperature and Precipitation

Climatic information presented in this WRIA comes from two sources (in addition to refuge-generated
data): the U.S. Historical Climatology Network (USHCN) of monitoring sites maintained by the National
Weather Service (Menne et al. undated) and the PRISM (Parameter-elevation Regressions on
Independent Slopes Model) climate mapping service, which is the U.S. Department of Agriculture’s
(USDA) official source of climatological data (PRISM 2010). The PRISM data (Table 1) represent 1971-
2000 climatological normals, while the period of record for the USHCN data (Appendix B: Figures B1-B4)
is 1895-2010. The closest USHCN stations are located in Charleston and Georgetown, SC.

The climate of the refuge is characterized by warm, humid summers and relatively mild, temperate
winters. Mean monthly temperatures in the vicinity of the refuge range from approximately 51 °F (10.6
°C) in January to 82 °F (27.8 °C) in July and August at Charleston, with temperatures at Georgetown
averaging about 4 to 5 °F (2.5 °C) cooler. Mean monthly temperatures exhibit the greatest year-to-year
variability in the winter and early spring (December through March) and the least variability in mid-
summer (July and August) (Appendix B: Figure B1). However, the monthly temperature range is a
relatively uniform 17-21 °F throughout the year (Table 1). The mean daily temperature range is about
twice as great at Charleston (22 °F) as at Georgetown (11 °F). No trends in mean annual daily minimum,
mean, or maximum temperatures are apparent over the period of record at either Charleston or
Georgetown (Appendix B: Figure B2).

Mean monthly precipitation (from PRISM dataset) varies by slightly more than a factor of two over the
course of the year, with an average of 3.0 to 4.4 inches (in) (7.5 to 11.1 centimeters [cm]) falling in
October through May and 5.8 to 6.7 in (14.7 to 17.0 cm) in June through September, with a mean annual
total of 53.2 in (135.2 cm; Table 1). The wettest months (June-September) also have the greatest year-
to-year variability in precipitation (Appendix B: Figure B3). Precipitation data collected by refuge staff at
Bulls Island for the same period (1971-2000, but with missing data for 1973-75 and 1989) show very
nearly the same total precipitation and generally the same seasonal pattern as the PRISM data, although
the refuge measurements show approximately 10-20% less precipitation in May through July and
December and 8-24% more precipitation in August through November (Table 1). Total precipitation
shows a high degree of year-to-year variability as well as roughly decadal-scale oscillations at both the
Charleston and Georgetown USHCN stations, although the oscillations are not always synchronous at
the two stations (Appendix B: Figure B4). No long-term trend in precipitation is apparent at either
location.

11



Table 1. Modeled normal monthly temperature and precipitation values (PRISM) and monitored
average monthly precipitation for Cape Romain NWR, 1971-2000. PRISM data are 1971-2000
normals for geographic coordinates (-79.593201, 32.997434); Bulls Island precipitation data are
mean monthly totals for 1971-2000, excluding the years 1971, 1972, and 1989 due to missing data.
[Sources: PRISM (2010) and Cape Romain NWR records.]

Bulls Island
PRISM Data Data

s T " P
January 57.90 38.17 19.73 4.36 4.50
February 60.85 40.35 20.50 341 3.52
March 67.42 46.71 20.71 4.24 4.17
April 74.52 53.06 21.46 2.95 3.07
May 81.36 61.68 19.68 3.36 3.03
June 86.74 68.97 17.77 5.78 4.70
July 89.62 73.06 16.56 6.08 5.48
August 88.48 71.92 16.56 6.71 7.23
September 84.49 67.53 16.96 5.95 7.40
October 76.80 56.52 20.28 3.94 4.38
November 68.90 48.16 20.74 2.95 3.54
December 60.93 41.00 19.93 3.50 3.18
Total Precipitation 53.23 54.18
Average Temperature 74.83 55.59

In addition to temperature and precipitation, evaporation is an important but often overlooked aspect
of climate. The standard method for measuring evaporation in the United States uses a Class-A
evaporation pan, a cylindrical pan of unpainted monel or galvanized metal 47.5 inches in diameter and
10 inches deep mounted on a platform that raises the pan a few inches above the surrounding ground.
Measured amounts of water are added (or removed in the case of precipitation) to maintain the water
level exactly 2 inches below the rim of the pan, and evaporation is calculated from these volumes,
corrected for measured precipitation (Farnsworth and Thompson 1982, Farnsworth et al. 1982). The
Southeast Regional Climate Center has compiled historical evaporation pan data for the state of South
Carolina (Appendix C). The nearest station to the refuge is in Charleston, for which data from 1960-1992

are available (Table 2).
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Table 2. Pan evaporation data for Charleston, SC, 1960-1992. All values are in inches.
[Source: SCDNR State Climatology Office (undated-a)].

Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec |Ann.

Daily 0.080 | 0.114 | 0.162 | 0.226 | 0.246 | 0.256 | 0.256 | 0.225 | 0.183 | 0.155 | 0.121 | 0.151
(1960-92)

Avg. Monthly

(1950-92) 247 | 322 | 5.01 | 677 | 7.63 | 7.67 | 7.93 | 6.98 | 5.48 | 4.79 | 3.26 | 2.53 |63.72
Avg. Monthly

(1960-1969) 235 | 299 | 519 | 657|716 | 695 | 7.45 | 6.40 | 5.16 | 451 | 3.13 | 2.40 [60.24

Avg. Monthly

2.1 11 4 7 7.17 | 7. 7.7 . . 4. 2 2. 2.2
(1970-1979) 0] 3 5.40 | 6.76 38 5] 6.88 | 533 63 | 3.20 59 |62.28

Avg. Monthly
2.31 4 31| 7.2 . 4 . 7.62 . .04 41 | 2. 7.82
(1980-1989) 3 340 | 5.3 5| 838 | 848 | 8.33 6 5.68 | 5.0 3 60 |67.8

Avg. Monthly

(1990-92) 297 | 400 | 411 | 711 | 846 | 864 | 937 | 735 | 6.68 | 548 | 3.74 | 2.75 | 70.67

Due to heat transfer through pan bottom and sidewalls, among other factors, pan evaporation typically
overestimates so-called “free water surface” (FWS) evaporation, which is defined as evaporation from a
thin film of water having no appreciable heat storage and is considered to be closely representative of
potential evaporation from surfaces such as wet soil or well-watered vegetation (Farnsworth et al.
1982). Hence, a pan coefficient is used to compute FWS evaporation from pan evaporation data. The
pan coefficient depends upon site characteristics and can vary seasonally with climatic conditions
(generally being lower for co